Contribution of Amplitude Holographic Grating to Diffraction Efficiency of Mixed Transmission Holograms in Photorefractive Bi12TiO20 Piezocrystal  by Shepelevich, V.V. et al.
 Physics Procedia  73 ( 2015 )  33 – 40 
Available online at www.sciencedirect.com
1875-3892 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
doi: 10.1016/j.phpro.2015.09.118 
ScienceDirect
4th
Abst
The 
photo
tradit
gratin
whic
© 20
Peer-
Keyw
1. In
It
cryst
al. (
Shan
B
amp
 
*Co
E
 Internatio
Contri
efficien
ract
results of expe
refractive Bi12
ionally conside
g leads to a qu
h allows to suc
15 The Author
review under r
ords: diffraction 
troduction 
 is known th
als Bi12TiO20
1991)] the in
darov et al. (2
esides that, in
litude hologr
 
rresponding auth
-mail address: va
nal Confere
bution o
cy of m
V.V. Sh
aI.P. Shamya
bTomsk
rimental and th
TiO20 piezocry
red in photore
alitative and qu
cessfully interp
s. Published by
esponsibility o
efficiency; phase
at during th
 (BTO), Bi12G
verse piezoe
007), Shepel
 some public
aphic grating
or. Tel.: +375-02
sshep@inbox.ru
nce Photon
f amplit
ixed tran
Bi1
epelevicha
kin Mozyr State 
 State University of
eoretical stud
stal are presen
fractive sillenit
antitative chan
reting the expe
 Elsevier B.V. 
f the National R
 grating; amplitu
e recording o
eO20 (BGO)
lectric and 
evich (2012)]
ations (see, f
 which is c
36-324091; fax:
 
ics and Info
ude hol
smissio
2TiO20 p
,*, A.V. M
Pedagogical Uni
 Control Systems an
ies of the read
ted. It is show
e crystals, addi
ges in the diffr
rimental result
esearch Nucle
de grating; mixe
f phase holo
 and Bi12SiO2
photoelastic 
 also manifes
or example, [M
aused by the
 +375-0236-3254
rmation O
ographi
n holog
iezocry
akarevich
versity, Mozyr, G
d Radioelectronics
out process of 
n, that in com
tional accounti
action efficien
s. 
ar University M
d hologram; pho
grams in cub
0 (BSO) in ad
effects [Stepa
t themselves. 
ontemezzan
 occurrence 
26. 
ptics, PhIO
c grating
rams in 
stal 
a, S.M. Sha
omel oblast, 247
, Tomsk, 634055
the mixed tran
parison with 
ng of the ampli
cy of holograph
EPhI (Moscow
torefractive piezo
ic photorefr
dition to the 
nov et al. (
i and Zgonik
of a spatial 
 2015, 28-3
 to diffr
photore
ndarovb 
760, Belarus 
, Russia 
smission holog
the case of pur
tude componen
ic gratings rec
 Engineering P
crystal; BTO. 
active optical
electro-optica
1987), Solym
 (1997)]) it is
modulation 
0 January 2
action 
fractive 
rams recorded
e phase holog
t of the hologr
orded in this cr
hysics Institut
ly active sill
l effect [Petr
ar et al. (1
 indicated tha
of the absor
015 
 in a 
rams, 
aphic 
ystal, 
e). 
enite 
ov et 
996), 
t the 
ption 
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
34   V.V. Shepelevich et al. /  Physics Procedia  73 ( 2015 )  33 – 40 
coe
com
con
I
43m
effi
(199
O
reco
mod
phe
(20
of t
holo
T
the 
theo
taki
2. E
I
of t
rela
pola
crys
T
beam
Bra
illum
 
 
T
diff
effi
fficient may 
bination of 
ventionally ca
n the paper [S
 were studie
ciency of holo
3)]. 
ur experime
rded in the B
el is not eno
nomenologica
12), Shandaro
he counter pr
graphic grati
herefore, in t
diffraction ef
retical optim
ng into accou
xperimental
n the experim
he (110) -cut
tive to the un
rized referen
tallographic d
he experime
s, which we
gg angle ĳ0 
inated by ex
he theoretica
erential equat
ciency of the 
be formed in
the phase an
lled as a mix
hcherbin et a
d theoreticall
grams in BS
ntal study of
TO crystal o
ugh even for 
l model of a
v et al. (2013
opagating ligh
ngs in this cry
his paper we 
ficiency of m
ization of the
nt the experim
 results and t
ental studies
 sample with
it vectors e1,
ce R and sub
irection [001
nts were perf
re selected 0
outside the c
panded refere
Fig. 1. O
l interpretati
ions of the co
phase and am
 the photoref
d amplitude 
ed hologram [
l. (1996)] the
y and experim
O crystal tak
 the diffracti
n the orienta
a qualitative 
mplitude holo
)] devoted to 
t waves in B
stal. 
present the re
ixed transmis
 reading out p
ental data. 
heoretical m
 of diffraction
 thickness d
 e2 and e3 of 
ject S light 
] to the vecto
ormed for th
 or 90° for th
rystal was eq
nce beam du
rientation of the
on of the ex
upled waves
plitude holog
ractive cryst
(called also 
Montemezza
 mixed holog
entally. The
ing into accou
on efficiency
tion angle of 
description o
grams. It sho
the study of t
TO crystal, p
sults of exper
sion hologram
rocess for th
odel 
 efficiency d
 = 7.7 mm on
the laborator
waves, and th
r of the holog
e equal azim
e ratios of b
ual to 12°. 
ring 30 minut
 BTO crystal rela
perimental d
(1), taking in
raphic grating
al illuminated
as photochro
ni and Zgonik
rams in photo
oretical mode
nt the photoc
 dependence 
the crystal sh
f the experim
uld be noted
he contributio
ointed out th
imental and t
s on the orie
e mixed holo
ependence of
 the orientat
y coordinate 
e counting d
raphic grating
uths of polar
eams intensit
Before startin
es. 
tive to the plane
ata was carr
to account th
s [Shepelevic
 by the inter
mic or abso
 (1997)]. 
refractive Ga
ling of the po
hromic gratin
for the noni
owed that us
ental data, an
 that authors
n of the flex
e possibility o
heoretical inv
ntation angle
graphic gratin
 the mixed ho
ion angle ș w
system, assoc
irection of t
 K is shown 
ization Ȍ0 of
ies IS/IR equa
g of the exp
of incidence of l
ied out on t
e simultaneou
h et al. (2014
ference patte
rption) holog
As:Cr crystal
ssible increas
gs was prese
nclined transm
ing of the pu
d it is need t
of the papers
oelectric effec
f the existenc
estigations of
in BTO cryst
gs recorded 
lograms form
as used. Its 
iated with th
he orientation
in Figure 1. 
 the reference
l to 0.14 and 
eriments the
 
ight beams 
he basis of a
s contributio
)]: 
rn. In this c
raphic gratin
 of symmetry
e in the diffra
nted in [Fish
ission holog
re phase holo
o attract addi
 [Shandarov 
t in the intera
e of the amp
 the dependen
al and perfor
in this crysta
ed in BTO c
spatial orien
e plane of lin
 angle ș fro
 and subject
0.09, respect
 BTO crysta
 system of 
n to the diffra
ase, a 
gs is 
 class 
ction 
 et al. 
rams 
gram 
tional 
et al. 
ction 
litude 
ce of 
m the 
l with 
rystal 
tation 
early 
m the 
 light 
ively. 
l was 
linear 
ction 
 V.V. Shepelevich et al. /  Physics Procedia  73 ( 2015 )  33 – 40 35
 
H
perp
coef
insid
to ch
relat
optic
R
(K T
form
cryst
Here
full 
impl
expe
pow
 
Fi
orie
 
T
spec
for t
ere RA and 
endicular to 
ficient of the 
e the crystal;
aracterize th
ive to the abs
al, reverse pi
esults of e
 0S R) I ( ) / IT
ed in the res
al for a fixed
, in Figure 2,
five-time tur
emented. So
rimental setu
er, etc. 
g. 2. Dependenc
ntation angle ș: a
he parameter
ific rotation o
he BTO crys
a) 
R||, SA and S
the plane of 
crystal for a g
 U = U0/cosM,
e amplitude 
orption comp
ezoelectric an
xperimental 
u100%  on th
ult of diffrac
 value of ș, I
a, the depend
nover crysta
me scatter o
p, by the vari
e of the diffractio
) – for Ȍ0 = 0, b)
the hologra
s of BTO cry
f plane of po
tal under inv
A
A
 
 
§ ¨
©
 
||
|| iį
dR
Į
dz
dR
ȡ
dz
dS i
dz
dS
ie
dz
­
°
°
°
°
°
®
°
°
°
°
°
¯
|| are project
incidence (A)
iven wavelen
 where ȡ0 is t
grating; į = ʌ
onent of one; 
d photoelasti
and theoret
e crystal ori
tion of the re
0
R  is the inten
ence of Ș(ș) f
l around the
f the experi
ability of the
n efficiency Ș of
 – for Ȍ0 = 90q; d
m, solid line – w
stal from [S
larization ȡ0 =
estigation; ele
A

A
A
§
  ¨
©
 
·
¹
§ ¨
©
||
||
iį i
1
iį
2
R ȡR i
R ĮR ie
İ
e Ȥ
cos
Ȥ R ie Ȥ
M
ions of vecto
 and lying in
gth of electro
he specific ro
/2 is phase 
Ȥk is the coup
c effects, whe
ical investig
entation angl
ference beam
sity of the ref
or Ȍ0 = 0 and
 OO' axis (
mental data 
 crystal temp
 the holograms, r
ashed line – with
ith taking into ac
Ŷ – experim
hamonina et 
 112 rad/m a
ctric field of


A
A

§
 ¨
©
¸
·
¹
iį i
1
iį
3
iį
3 |
i
4
İ
e Ȥ
cos
Ȥ S ie
R ie Ȥ R
İ cos2
cos
M
M
M
r amplitudes
 this plane (
magnetic radi
tation of the 
shift of the p
ling constants
re k = 1, 2, 3,
ations of d
e ș, where SI
 R on the ho
erence beam 
 in Figure 2,b
see Figure 1
is explained
erature during
ecorded in the (
out taking into a
count amplitude 
ental data 
al. (2000)] w
nd the absorp
 space-charge
b)

A
A
A
·
¸
¹

 
¸
iį
2
iį i
4
| ||
||
S ie Ȥ
İ cos2
Ȥ
cos
ĮS ȡS ,
R ȡS
M
M
 ĮS
 of the R a
||); D = DO/co
ation; M is the
light wave po
hase compon
, comprising 
 4. 
ependence 
( )T  is the in
lographic gr
R at the inpu
 for Ȍ0 = 90q
) for fixed 
 by non-ide
 the experim
110) -cut BTO c
ccount the contr
component of th
ere used in t
tion coefficie
 Esc for pola
·
¸
¹
||
||
S ,
S ,
|| .
 
nd S waves 
sM, where DO
 Bragg angle
larization pla
ent of the ho
the contributi
of the diffr
tensity of th
ating, at the 
t one are pres
are shown. In
polarization 
al vibration 
ents, by sligh
rystal with 7.7 m
ibution of the am
e hologram,  
he calculation
nt ĮȜ = 38.2 m
rization azimu
 (1) 
on the direc
 is the absor
 of the light w
ne; İi is param
lographic gr
ons of the ele
action effici
e subject bea
output face o
ented in Figu
 each experim
azimuths Ȍ0 
resistance of
t changes in 
m thickness, on t
plitude compone
. In addition
-1 were meas
th of the rea
tions 
ption 
aves 
eter 
ating 
ctro-
ency 
m S, 
f the 
re 2. 
ent, 
was 
 the 
laser 
 
he 
nt of 
, the 
ured 
dout 
36   V.V. Shepelevich et al. /  Physics Procedia  73 ( 2015 )  33 – 40 
beam
of 9
mod
diff
to b
İi =
F
ang
resu
agre
theo
T
proc
opti
max
3. T
T
BTO
of l
read
pos
ligh
som
the 
R
pola
effi
 
Fig
dep
da
 Ȍ0 = 0 was
.75·104 V/m.
ulation depth
erent times, a
e İi = 0 (dash
2.1 m-1 was u
igure 2 show
le of the cryst
lts of the exp
ement betwe
retical model
herefore, on 
ess of readin
mal values of
imum magni
heoretical op
o carry out th
 crystal, we 
ight beams in
ing and the p
sible azimuth
t beams, and 
e studies (see
temperature o
esearch of f
rization azim
ciency are rea
. 3. Theoretical d
on the orientati
endence of 
0
max(<K
shed line – theore
a)
 assumed to b
 These differe
 as well as b
nd others. Fo
ed curve), wh
sed in the calc
s that the dep
al in cases Ȍ
eriment. The 
en experimen
 in the BTO c
the basis of o
g the mixed 
 the linear po
tude [Shepele
timization o
e theoretical 
will use the p
 accordance 
hysical param
 of linear pol
the amplitud
, e. g., [Sham
f the crystal [
unction Ș(ș) 
uths <0 ( m0K<
ched. The cor
ependences of th
on angle ș: a) – i
)T , black dashe
tical dependence
e equal of 8.2
nce in the va
y the variati
r a purely pha
ile in the case
ulations. 
endence of t
0 = 0 and Ȍ0 =
"switching on
tal and theor
rystal. 
ur experimen
transmission 
larization azim
vich (2012)]. 
f the diffract
analysis for o
osition of the
to Figure 1, 
eters of the c
arization occu
e of the grati
onina et al. (
Kolegov et al
on extreme 
ax  and min0K< )
responding g
e diffraction effic
n the case of pure
d line – theoretic
 of Ș(ș) at <0 = 4
theo
5·104 V/m, a
lues of the sp
ons of crystal
se grating th
 taking into a
he diffraction
 90q is repea
" amplitude 
etical data, th
tal data, belo
holograms in 
uth of the re
ion efficiency
ptimization o
 crystal relativ
as well as an
rystal. It is al
rs at a consta
ng space char
1996), Sham
. (2011)]. 
allows to de
 at which ma
raphs of funct
iency Ș of the ho
 phase hologram
al dependence of
5q, gray dot-das
retical dependen
nd for azimut
ace charge f
 temperature
e parameter c
ccount the am
 efficiency of
ted with a pe
component of
at demonstr
w we presen
the (110) -cu
ading beam f
 for hologra
f the reading 
e to the labo
other above 
so assumed th
nt ratio of th
ge field Esc i
onina et al. (1
termine for 
ximal 
0
max(<K T
ions 
0
max( )<K T
lograms, recorde
s, b) – in the cas
 
0
min( )<K T , gray s
hed line – theore
ce of Ș(ș) at <0 =
b)
h of polarizat
ield can be ex
, because the
haracterizing 
plitude comp
 the pure pha
riod of ș = 18
 the holograp
ates the need
t the results o
t BTO crysta
or which the 
ms in BTO c
process in the
ratory coordin
mentioned co
at the hologr
e intensities o
s 9u104 V/m.
998)]) as a f
each value o
)  and minim
 and 
0
min( )<K T
d in the (1 10) -
e of mixed holog
olid line – theore
tical dependence
 135q 
ion Ȍ0 = 90q 
plained by th
experiments 
the amplitude
onent of the h
se holograms
0q, that certai
hic grating le
ing for its co
f theoretical o
l with help o
diffraction ef
rystal 
 mixed holog
ate system an
nditions of h
aphic grating
f the subject
 We note tha
itting paramet
f orientation 
al 
0
min( )<K T  va
 are shown in
cut BTO crystal w
rams; black solid
tical dependence
 of Ș(ș) at <0 = 9
one was took 
e difference 
were conduc
 one was ass
ologram the 
 on the orien
nly contradic
ads to a quali
nsideration fo
ptimization 
f the choice 
ficiency reach
rams in (110
d the arrange
olographic g
 formation at 
 S and refere
t the Esc is u
er dependent
angle ș valu
lues of diffr
 Figure 3. 
ith 7.7 mm thic
 line – theoretica
 of Ș(ș) at <0 = 0
0q, gray broken 
equal 
in the 
ted at 
umed 
value 
tation 
ts the 
tative 
r the 
of the 
of the 
es its 
) -cut 
ment 
rating 
every 
nce R 
sed in 
 upon 
es of 
action 
 
kness, 
l 
, gray 
line – 
 V.V. Shepelevich et al. /  Physics Procedia  73 ( 2015 )  33 – 40 37
 
In
cryst
show
desc
right
S
the c
azim
basis
F
holo
valu
(poin
when
depe
 
corre
 
A
holo
valu
1.24
valu
with
acco
T
abov
case
in Fi
 
 this Figure 
al under cons
n. It is easil
ribing the dep
 images (Figu
ince 
0
max( )<K T
ase of pure p
uths of the r
 of Figure 4. 
igure 4 show
graphic gratin
es, which are
ts A1 and C1)
 max0K<  = 19q
ndence of the
Fig. 4. Theoretic
sponding azimut
 different situ
graphic gratin
e of 1.83% a
%. Here loca
es max0K<  ɢ ș, 
 the period 1
unt at practic
he tendency o
e is also obse
s of pure phas
gure 5. 
A 
A1 
a)
dependences 
ideration at f
y seen that t
endence Ș(ș)
res 3,a and 3
 is the most im
hase hologra
eading beam 
s that in the 
g the diffract
 equal to 1.5
 and ș = 51q 
 (points B1 a
 maximum di
al dependence o
hs of linear polar
th
ation is obse
g increases t
nd decreases 
l maxima of 
that in the ca
80q in contr
al optimizing 
f the change 
rved for othe
e and mixed 
B 
B1 
of diffraction
ixed polariza
he curves de
, built for dif
,b) are consist
portant for p
ms and mixed
on angle ș (<
case of pure 
ion efficiency
2%. Here th
and 231q, resp
nd D1) and ș
ffraction effic
f polarization opt
ization max0K<  of 
e case of pure ph
rved for the 
he values of 
the diffractio
the diffraction
se of pure ph
ast to the cas
of the conditi
of the polariz
r thicknesses
holograms in 
C 
C1 
D 
D1 
 efficiency Ș
tion azimuths
scribing the g
ferent azimut
ent with mod
ractical appli
 ones, as we
max
0 ( )K T ), at 
phase hologr
 in four local
e first and th
ectively. In t
 = 129q and 
iency of the p
imized values of
the readout wave
ase holograms, b
mixed hologr
the first and 
n efficiency 
 efficiency i
ase hologram
e of pure ph
ons of hologr
ation optimiz
of (110) -cut
the range of v
 for noninclin
 <0: 0; 45q; 9
raphics 
0
max
<K
hs of linear p
els of pure ph
cations of BT
ll as similar a
which depen
ams (Figure 
 maxima, ma
ird maxima (
urn, the secon
309q. By ana
hase hologra
 the diffraction e
 (dashed line) on
) – in the case o
ams (Figure 
fourth absolu
of the second
n indicated p
s, but depend
ase hologram
am readout in
ed dependenc
 BTO crystal
ariation of th
A
b)
ed transmiss
0q and 135q,
( )T  ɢ 
0
min(<K T
olarization of
ase hologram
O crystal, the
nalysis of de
dence 
0
max(<K T
4,a) under th
rked as points
points A and
d and fourth 
lyzing these 
ms on the ang
fficiency 
0
max
<K  of
 orientation angl
f mixed hologram
4,b). Here, th
te diffraction 
 and third m
oints A, B, C
ence max0 (K< T
s. These circ
 BTO crystal
e 
0
max ( )<K T  of
. A comparis
e crystal thick
1 
B 
B1 
A 
ion hologram
 on orientatio
)  are envelop
 the reading b
s and mixed o
n its more de
pendence of 
)  takes place
e chosen con
 A, B, C and 
 C) are form
maxima (poin
data we can 
le ș is repeat
 holograms (soli
e ș for (1 10) -cu
s 
e amplitude 
maxima (poi
axima (point
 and D are fo
)  is not longe
umstances m
. 
the mixed ho
on of these de
ness from 0 t
C 
C1 
s, recorded i
n angle ș are
es for the cu
eam. The lef
nes, respecti
tailed analys
linear polariz
, will held o
ditions of rea
D, takes the 
ed at max0K<  =
ts B and D) o
conclude tha
ed after ș = 1
d line) and of the
t BTO crystal: a
component o
nts A and D)
s A and D) u
rmed at the 
r repeats its s
ust be taken
lograms desc
pendences fo
o 20 mm is sh
D1 
D 
n the 
 also 
rves 
t and 
vely. 
is for 
ation 
n the 
dout 
same 
 31q 
ccur 
t the 
80q. 
 
 
) – in 
f the 
 to a 
p to 
same 
hape 
 into 
ribed 
r the 
own 
38   V.V. Shepelevich et al. /  Physics Procedia  73 ( 2015 )  33 – 40 
Fig
 
F
four
5,a)
(sec
ano
(11
be a
B
opti
arbi
crys
coo
valu
ana
F
of a
orie
doe
6 al
ach
the 
F
holo
effi
beam
W
arbi
tran
At t
be 
obta
 
. 5. Dependence o
on the orienta
rom this Figu
 humps surfa
 are qualitati
ond and third
ther local max
0) -cut BTO 
chieved only 
ased on the
mized) value
trary cut, is o
tal cut (see, 
rdinate system
e 
0
max
,< TK  along
lysis are prese
rom this Figu
mplitude co
ntation optim
s not violates 
so shows that
ieved in {110
BTO crystal. 
urther revea
graphic grati
ciency of hol
s, but in this
e note that 
trary cut BSO
smission holo
he same time
due to the fo
ined experim
a)
f the polarizatio
tion angle ș and t
re can be see
ce of polariz
vely and qu
) decreases u
ima (first and
crystal of fixe
with two valu
 foregoing, 
s of diffractio
f interest. Su
for example
s with help 
 the vector o
nted in Figur
re it can be s
mponent of 
ized values o
the internal s
 the maximum
}-cut crystals
led that in t
ng leads to t
ograms form
 work these g
the theoretic
 crystal, was
grams in the 
, to our know
rmation in t
ental data, bu
n optimized valu
he crystal thickn
n that taking
ation optimiz
antitatively tr
nder the actio
 fourth) mag
d thickness a 
es of orientat
comparing o
n efficiency 
ch indication 
, [Shepelevic
of the three E
f outward nor
e 6. 
een that in co
mixed hologr
f the diffracti
ymmetry of t
 value of th
, from which
he arbitrary 
he qualitative
ed at fixed o
raphic depen
al study of 
 carried out i
BGO crystal 
ledge, such a
his crystal th
t require mor
es of the diffracti
ess d: a) – in the 
 into account 
ed values of 
ansformed: d
n of the ampl
nitude of Ș in
maximum va
ion angles. 
f the indica
0
max
,< TK  for pur
surfaces can 
h (2012)]). 
uler angles a
mal to the fro
mparison with
aphic grating
on efficiency 
he crystal clas
e diffraction e
 we also foun
cut BTO cr
 and quantita
rientation ang
dences are no
the diffractio
n [Shepelevic
in diffusion a
 study for the
e mixed hol
e complex cal
on efficiency m<K
case of pure pha
the amplitude
the diffraction
iffraction eff
itude compon
creases. This 
lue of diffract
tion surface 
e phase and m
be obtained b
To do this, 
ccording to [
nt face of ea
 the case of p
 (Figure 6,b
of holograms
s 23, about w
fficiency in 
d that this tre
ystal the inf
tive changes
les and azim
t considered. 
n efficiency 
h (2012)]. A 
nd drift regim
 BTO crystal
ographic grat
culations. 
b
0
ax  of holograms
se holograms, b) 
 component 
 efficiency o
iciency Ș in
ent of the ho
allows conclu
ion efficiency
of maximum
ixed hologra
y selecting th
we tied the 
Shepelevich (
ch cut of the c
ure phase ho
) leads to in
 for different
hat additiona
the cases of p
nd has contin
luence of th
 of the indic
uths of linea
of transmissi
similar study
es are perform
 has not prev
ings, which 
)
, formed in the (
– in the case of m
of the hologra
f pure phase 
the two mid
lographic grat
ding that in p
 of the record
 (polarizatio
ms, recorded
e values of Ȍ
crystallograph
2012)] and p
rystal. The re
lograms (Figu
crease of th
orientations o
lly evidenced
ure phase and
ued for diffe
e amplitude 
ation surfaces
r polarization
on hologram
 of the diffrac
ed in [Delio
iously been c
allows adequ
1 10) -cut BTO c
ixed holograms
m (Figure 5,
holograms (F
dle local ma
ing, and in th
ractical use o
ed hologram
n and orien
 in BTO crys
0 and ș for a
ic and labo
lotted the cal
sults of theor
re 6,a), accou
e polarization
f BTO crysta
 Figure 6,c. F
 mixed holog
rent thicknes
component o
 of the diffra
 of the intera
s, recorded i
tion efficien
lanis et al. (2
onducted, tha
ately interpr
 
rystal, 
b) the 
igure 
xima 
e two 
f real 
s may 
tation 
tal of 
 fixed 
ratory 
culate 
etical 
nting 
 and 
l and 
igure 
rams 
ses of 
f the 
ction 
cting 
n the 
cy for 
003)]. 
t may 
et the 
 V.V. Shepelevich et al. /  Physics Procedia  73 ( 2015 )  33 – 40 39
 
Fig. 6. Indication surfaces of the maximum values of the diffraction efficiency 
0
max
,< TK  of transmission holograms, formed in the BTO crystal of 
arbitrary cut with thickness of 7.7 mm: a) – in the case of pure phase holograms, b) – in the case of mixed holograms, c) – cross-section of the 
indication surface, shown in the Figure 6,b, by the plane (1 10) , where broken line is the boundary of the similar section of the indication surface, 
shown in the Figure 6,a 
4. Conclusion 
Thus, in this paper we shown that for satisfactory correlation of experimental data obtained in the study of the 
photorefractive (110) -cut BTO crystal with thickness of 7.7 mm with the results of theoretical calculations, the 
simultaneous consideration of contributions the optical activity of the crystal, the electro-optical and inverse 
piezoelectric effects, photoelasticity, as well as the amplitude component of the holographic grating in the value of 
the diffraction efficiency of the resulting mixed transmission hologram has been required. The quantitative value of 
the parameter İi characterizing the amplitude grating and equal to 2.1 m-1, was determined. The theoretical model 
describing the process of diffraction of reference light wave on a mixed holographic grating, formed in the 
photorefractive crystal, is proposed. Based on this model, the optimization processes of reading out of holograms in 
the (110) -cut as well as in the arbitrary cut BTO crystal were performed. 
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